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2.0 Abstract

This Quality Assurance Project Plan (QAPP) dathilsg term tatus andtrends monitoringstudy
for small streams in the Puget Lowland as part of Stormwater Action Monitoring (@Altam
SAMis the regional stormwater monitoring program fundedthg Phase | Municipal Stormwater
permit and the Western Washington Phase Il Municipal Stormwater pgrenmittees.

This studyof small streams in the Puget Lowland Ecoregion (c&llegket all Streams, PSS study,

or SAM_PSS stuthgreafte)’A & RSaA Iy SR G2 Anf @gofaNdondiMoBs inj dzSa G A 2y
receiving water quality and biota improving in concert with broad implementation of required
A02NXYGFGSNI YFEYLFISYSyd LINF OGAOSaKé

In 2015, the firstound of monitoring evaluated theondition (status) of stream@®eGasperi et al.,
2018) Beginning in 2028nd thereafter this study wilihonitor streams$rhanges over time in
urban, urbanizing and rat areas of the Puget Lowland.

The PSStudy design is rancbm probabilistic survey desigtike theprevious monitoring in 2015
with some design adjustments to increase statistical power and monitoring efficiBegynning in
2020, he core monitoring desighas been adjusted as follows:

1 Candidate sanimg sites (master points) the Puget Lowlandaregion have been
redrawn using updated higresolution National Hydrography Dataset (NHD) layer.

1 The sudy areais stratified into four different group&trata)by percent impervious
surfaces cover of etributing watershed to each master poirflampling sites are selected
per each impervioustrata separately.

1 Sampling will be conducted every yearsatectedsites.Selected 33 sites each year will be
a combination of new and revisited sites to impratatus assessment and trend
detection power.

1 Sampling will be conducted once in summer, which focuses on Watershed Health
monitoring with key sediment and water quality parameters.

1 Referencecondition sites will be monitored every yetar establish a beer comparison of
the resultsfrom theannualsamplingg A G Sa G2 | W €SI 4G RA&0dz2ND S

1 Water level(stage)of eachsampling site will be monitored continuously for one water
yearprior to the summer sampling event

ThePSSwill follow the protocols developed for the egoing statewide stream health monitoring
programStatus and Trends Monitoring for Watershed Health and Salmon Recovery (WHSR)
physical habitat, biological measuremepggceptfor minor changes tavater quality parameters
to better capturethe stormwaterrelated chemistrysignalsin addition this effort will sample
sieved sediments for stormwateelated chemistry signals.

This QAPP ensures quality data collection, analysis, reporting and managemenSaiMRS S
monitoring study.
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3.0 Background

3.1 Introduction

ThePhase Municipal Stormwater ermit and theWestern Washingto®hase IMunicipal
Stormwater permit S8. Monitoring and Assessmearbvides an option for the grmittees to
commit financially tca collaborativeregional stormwater monitoring prograns{ormwater Action
Monitoring, SAMito satisfy the permit monitoring requirements. SAM has three focus areas for
monitoring: effectiveness studies, source identification projects, and status and tmemdtoring

of receiving wates of small streams and the marine nearshore

¢KS LlJzN1J32asS 2F G(GKS adliddza FyR GNBYR Y2yAd2NAy3
quality and biota getting better or worse in response to continuous stormwater discharge and
broad inplementation of required @ NY ¢ I G SNJ YI y I 3SYSy &G LINY OGAOSaKé

Urban development andubsequenstormwater dischargeandrastically alter watershed and-in
stream physical habitat, stream channels, flow patterns and water chemiBirgate, urban
developmen hasresulted, in differing degreesn degraded conditions of streams in urban or
urbanizing areaslhe impacts of stormwater on receiving waters in Western Washington vary
geographically due to differences in local landwsatershed forested conditiorhydrologic
patterns, use of stormwater infrastructure, existing conditiand type of receiving waters.

This monitoring aims to assess unbiased regional status and trends of streams and to identify key
stressors drivingiood orpoor stream health acrogke region. This study will therefore provide
feedback and guidance to permittees and the region to improve stormwater management and
protect receiving water.

3.2 Study area and surroundings

3.2.1 History of study area

Western Washingtonparticularlythe Puget Lowlan@coregionis experiencing incrased human
population pressurelanduse changesind urban developmeniThePhase | and Il municipal
stormwater permitgincludingWSDOJYrequireflow control and treatment for new and re
development toreduce stormwater runoff and pollutant® receiving waters. Other permit
requirements aim to find and control sources of pollutants to the stormwater systgm. B
implementingmultiple ssormwater managemenactivities Ecology and thegrmittees are
attemptingto reduce stormwater impactsThe Pugekowland ecoregiocaptures much of the
urban and urbanizing areas withithase | and Il western Washington coverage and is the focus
area of this studyFigure land Figure 2 Anothersmallstream status and trendtgdy is being
developed for southwest_ower Columbia Rivergmn of Washington that covers the other Phase |
and Il western Washington permittees.
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Municipal Stormwater Permit Aras
PERMIT, JURISDICTION ‘
phasef1, city

| phase1, county ‘
phase2, city [ SourcesEsijAibusiBS-
NCEAS NLS O N

phase2, county

- n/a, city

Figure 1. Western Washington Municipal Permit Areaswithin Puget Sound region
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3.2.2 Summary of previous studies and existing data

Under the 20072012 Phase | Municip&tormwater Permit, sixgrmittees and their cgpermittees
were required to characterize the stormwater quality and quantity fn@presentative municipal
stormwate discharges fronthree urban land usec¢mmercial, residential and industrjgHobbs
et al., 2019. The compiled data findingsported high frequencies of detection of conventional
parameters, including TSS and nutrients, metals (except mercury)Ptatas, PCB and Bis(2
ethylhexyl) phthalate. Most parameters showed significant concentration differelnegeen
thoseland uses and seasonality with higher concentrations during the dry season (May to
September) obbs et al., 2015

Thefirst year ofstreammonitoring in 2015 was conducted using a stratiftersignon inside or
outside the Urban Growth Area (UGAubliner, 2014)In 2015 105 sitesvere sampled,
representngatotal of 1,668 miles (2,685 kilometers) of wadeable streams in the Pugetbdwl
ecoregion. Tt first statusassessmenfiound that over 80% othe Puget bwlandstreans within
the UGA had poostream biological healthndicated bybenthic invertebrate index of biotic
integrity (BIBI),a comprehensive stream health indicat&reystressors driving poor-Bl scores
included watersheescale tree canopy, riparian scale tree canopy, sediment metal (zinc)
concentration, and stream substrate characteris{ibeGasperi et al., 20).8

3.3 Parameters of interest and potential sources

This study monitors stormwaterelated parameters and potential indicators or stressors to stream
health (Table 1) That includes water and sediment quality, physical stream habitat characteristics,
biological communities (benthic macroinvertebrates and pleyton) in streams and landscape
metrics in contributing watershed. €lgeneralbasis for the parameters for thsgudycomes from

the experiences of the 201&udy(DeGasperi et al., 2018 O 2 { Wadrsfed Health and Salmon
Recovery (WHSR)ndthe stormwaterrelated parameterdistedin Appendix 9 of the Phase | and
Phase IWestern Washington Municip&tormwaterPermits (Ecology, 2019a ar).

Publication 2610-015 June 2020 Page3
QAPP: SAM_Pugetn&ll Streams



Table 1. Parameters of interest in this study

Indicator/Parameter Indicator Type

Temperature
Stage
Dissolved Oxygen
pH
Turbidity
Total Suspended Solids (TSS)
Dissolved Organic Carbon (DOC)
HardnesgasCaC®)
Chloride(Cl)
Total Nitrogen (TN)
Nitrate+Nitrite (NG+NQ)
Ammonia (Nkf)
Totd Phosphorous (TP) Water Quality
OrthoPhosphorus (P9)
Total metals
(As, Cd, Cr, Cu, Pb, Zn)
Dissolved metals
(As, Cd, Cr, Cu, Pb, Zn)
Fecal Coliform
E.©Ii
ChlorophyHa
Grain &e
Percent 8lids
Total Organic Carbon (TOC)
Total meals
(As, Cd, Cr, Cu, Pb, Zn)
PAHS$
PBDEs
Phthalates

In-situ

Sediment Quality

Macroinvertebrate, Periphyton Watershed Health

Physical hbitat measurement$ Physical Habitat

LFull list of analytes are listed separately in the Table 2.

2Physical habitat measurementscinde diverse metrics to represent the habitat conditions including bank
measurement, substrate and depth measurements, shade measurement, human influence, riparian vegetation
structure, thalweg depth measurement, bankfull width, bar width, and wetted wideasurements, large wood
debris, slope and bearing measurements, and side chaamééhabitat unit descriptions.
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Table 2. Full list of organics analytes

Type of @ganics

Individual @mpounds

Polycyclic aromatic hydrocarbons
(PAH)

1-Methylnaphthalene, ZZhloronaphthalene, -2
Methylnaphthalene, Acenaphthene, Acenaphthylene,
Anthracene, Benzo(a)anthracene, Benzo(a)pyrene,
Benzo(b)fluoranthene, Benzo(ghi)perylene,
Benzo(k)fluoranthene, Carbazole, Chrysene,
Dibenzo(a,h)anthracené&luoranthene, Fluorene, Indeno(1,2,3
cd)pyrene, Naphthalene, Phenanthrene, Pyrene, and Retene

Polybrominated diphenyl ethers
(PBDEs)

Congener numbe47, 49, 66, 71, 99, 100, 138, 153, 154, 183, !
191 and 209

Phthalates

bis(2ethylhexyl)phthalate, butybenzyl phthalate, dn-octyl
phthalate, dibutyl phthalate, and diethyl phthalate

3.4 Criteria and standards for status assessment

Stream conditions will be compared thresholds based on the condition of lealsturbed
reference sitesdentified inwestern WashingtorfwWilmoth et al., 201%and the State water and

sediment standards.

3.4.1Leastdisturbed reference site data

As part of a longerm Ecology monitoring program, V&R, Ecologgamples leastlisturbed
referencesitesin the Puget Lowlandcoregionannually since 200@rable 3. GIS data were
compiled for all of these sites to provide reference condition levels for land cover data during
previous SAMtream monitoring(Sheibley et al., 20)7Urban and agricultural area in the
watersheds breference sites were less than 10 percent of total land cdreerence site

monitoringwill follow Ecology monitoring schedulyo to four reference sites will be visited every

year.Four sites highlighted in the table arehgculed to be sampled inG20.
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Table 3. List of reference site in Puget Sound region*

LocationID Longitude Latitude County
BIO06600AUSTO02 -122.3426 48.7065 Whatcom
BIO0660EBEEF02 -122.7928 47.62859 Kitsap
BIO0660EBIGA02 -122.9514 47.56505 Kitsap
BIO06606BOYC02 -122.9081 47.60896 Kitsap
BIO0O6606CANY02 -123.1398 48.02311 Clallam
BIO06606CHUCO02 -122.4883 48.70185 Whatcom
BIO0O660EDEWAO02 -123.0257 47.46906 Mason
BIO06606DUCKO01 -123.0205 47.68127 Jefferson
BIO0660EHOLDO02 -121.9681 47.43431 King
BIO066060YST02 -122.4395 48.61868 Skagit
BIO06606SEABO2 -122.8372 47.62811 Kitsap

BIO06606TUMWO02 -123.4726 48.09074 Clallam
BIO06606YOUNO02 -121.8251 47.80655 Snohomish
SENO0660GRIF09 -121.8849 47.60376 King

*Four sites highlighted in the tablre scheduled to be sampled in 2020

3.4.2State Water and Sediment Standards

In addition to using the reference conditions for the ecological status assessment, the water and
sediment quality data will be compared to state standatidsluding freshwadr designated for
aquatic life uses (WAC 1-2B1A200), toxic substances for aquatic life protection (WAG20BA
240), and sediment cleanup levels based on protection of then benthic community in freshwater
sediment (WAC 20863).

4.0 Project Overview

4.1 Project goals

The goal of the SAM stream monitoring is to provide statistically valid estimates of status and
trends of chemical, physical abiblogical conditions in smatormwaterreceivng streams in the
Puget Lowlanecoregion.

The pobabilistic study design, selected monitoring parametarslindicators and frequency of
monitoring are designed to develop unbiased regional assessment of stream health in a cost
effective way Hndings will informthe permittee@ stakeholdersand the publicon the urban
impact to streams and which stressors are largest sost@imwater management decisiomsin
be adaptedand implemengd to protect stream health
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The municipal stormwater perntéss managestormwaterrunoff from new and redevelopment
starting inthe late 1990s by controlling stormwater volumes and using best management practices
to provide treatment in order toreduce water quality impacts from developmeamd maintain
compliance withthe permits, water qualittandardsand TMDL implementatio.

4.2 Project objectives
The objectives of the status and trends program are;

Implement thisprobabilistic sampling design that can provide strong status and trends of
stormwater receiving water in the region.

Set thresholds for status assessmenngsieference conditions anashington &te standards.
Collect and monitor stormwaterelated water and sediment chemistry.

Monitor streamstageand temperaturecontinuously

Assess biological conditions in small streams usitig) Bnd periphyton.

Incarporate existing landise information and other existing data into the status and trends
assessment.

Identify key drivers affecting integrated stream health indicators

5.0 Organization and Schedule

5.1 Key individuals and their responsibilities

TheStormwater Action Monitoring (SAM)rogramis made up of approximately 1. FE at

Ecology, and overseen by a municipal stormwater permit focused stakeholder committee called the
Stormwater Work Group (SWG). SWG authorizes the goals and funds for SAM manitaring
accomplish the scientific objectives ofiglstreams monitoring study the SAM stédfmed a stream
monitoring teamwith collaboraton fromfederal, state and local government agencies to conduct

the field monitoring, chemical analysis, statisticahbysis and reporting. United States Geological
Survey (USGS) will lead the field monitoring while statistical analysis and reporting will be shared
work between USGS and Ecold¢@gble 4)
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Table 4. Organization of monitoring team members and responsibilities

Staff Title Responsibilities
Rich Sheibley Review QAPP, conduct site evaluation,
USGS equipment deployment, field sampling and
Water Qualityand Project leadPata | transportation of samples to the laboratory.
Ecosystensection manager Conducts QA review of data, analyzemnage
sheibley@usgs.gov and interprets data. Writes the draft report
253552-1611 and final report.
Keunyea Song Managesghe study, select sampling sites
EcologyWQP SAM scientist / write QAPP, and managtream study related
Keunyea.Song@ecy.wa.goy Projectmanager contracts develop and implement statistical
360-407-6158 approach for status and trersd

Brandi Lubiner SAM coordinator/

Ecology\NQ_P | Ecology WORA Re\_/lew and approve QAPP, oversee SAM

Brandi.Lubliner@ecy.wa.go coordinator projects

360-407-7140

Alan Rue Review QAPP, coordinate supplies and sarr

Ecology EAP . e

Manchester aboratory Laboratory dellve_ry with field staff. condl_Jct and
Manager coordinate laboratory analysis, QC and subr

Alan.Rue@ecy.wa.gov
Phone: 360-871-8801
Keunyea Song

results to EIM

Ecobgy-WQP SAMIZ_)ata Reviews and QAs EIM submitted results
Keunyea.Song@ecy.wa.goy\ coordinator
360-407-6158

Jack Janisch
EcologyEAP Section
Jack.Janisch@ecy.wawjo
Phone: 360-407-6649

Watershed health
database Reviews and QAs submitted results
coordinator

EIM: Environmental Information Management database
EAPEnvironmental Assessment PrograirEcology
WQP:Water Quality Program of Ecology

5.2 Special training and certifications

Theproject lead, field crew, andny staff conducting monitoringill participate in the Watershed

| SFEOGK alF YLt Ay3 FASER NIXAYyAy3d RSarAdaIySR | yR
Program. Thisraininginvolvesactualhands-on field monitoring to ensure copteteness and
comparability oftechniques Also covered is training on the Watershed Health monitoring
software, tablets for field monitoring, and data uploading to the Watershed Health pdittesl.
annualtraining is hedl in spring each yedreforethe field monitoring in summer

Any necessary training for statistical tools, analyses and@lathluation carbe given by SAM or
other approved staffis needed throughout the monitoring period as techngl@yolves or as sthf
changes.
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5.3 Key monitoring activities and reports

Table 5. Proposed schedule for field and laboratory work, data entry into EIM, and reports

Site evaluation

finalize the sampling site ligirough GIS image cheg
and site visit.

Activities/Reports Description Target ate
Site suitability for sapling including permission,
accessibility and other criteria will be evaluated an{ June-September a year

before the sampling yea

Memo summarizing site evaluation mess and final

SeptemberOctober a

year stage data

Final site list site list with detaiéd information including landscap¢ year before the sampling
characteristicof each watershed year
_ Pressure transducers to measure stagel SeptemberOctober, a
Equipment temperatureat each location will beeployed before .
. year before the sampling
deployment the summer sampling event to capture one water

year

Data download and
maintenance

Data download and maintenance will be conducted
as needed (e.g. quarterly)

Quarterly since
deployment for a year
(OctSep)

Field work completed

Summer water, sediment chemistry and watershed
health monitoring will be conducted between July
and October each year

JulyOctobereach year

EIM completd

Fully reviewed, if necessary validatedta wil be
submitted to EIM

November30, a year
after the sampling year,
starting from2021

USG®Pata Release
completed

Continuous stage and calculated hydrologic metric
submitted to}; { D SdkaceBase

Update the stage data
annually by November,
a year aftetthe sampling
year, starting from 2021

Annual report (status
focused)

Summary of annual monitoring and status
assessment results done in previous year

November30, a year
after the sampling year,
starting from 2021

4-yr status and trend

Monitoring and statistical status and trend analysesg
results based od water years of datand 2015 data

Identification of key Bessoisto stream health SpringSummer of 2024
report : ) :
Interactionbetweenlandscape information and
stream health.
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6.0 Study Design
6.1 Study boundaries

This study targets smdilvadeablg streams or rivers in the areas where Puget Lowlecmlegion
and Puget Sound Salmon Recovery region intei$aegtre 2)Surface \ater including stormwater
in most of Phase | and Il municipal stormwgpermitted area flows ito the study areaFederal
areasareincluded in ths SAM study design

Upper Columbig

Chelan

Upper Columbia

"wv’/ .- x 1 ¢
Coastal { ‘ ”, o o < Kittitas
Grays Harbor IASA/ 2

Pacific ewis

& Mid Columbia
Yakima
»\ W ahkakum
\ y Gy " L’\l‘; =
N Cowlitz Lower Columbia
> 2
/. StudyFrame _ Skamania
Ecoregion
[ | Puget Lowland i Klickitat
Salmon recovery region Sources: Esri, Airbus DS, USGS, NGA, NASA, CGIAR, N Robjnson—]
NCEAS,|NLS, OS, NMAGeodatastyrelsen, Rijkswaterstaat, GSA,
Pu9ekt Sound Geolandl, FEMA, Intejrmap and the GIS use?g*){nn;lumty

Figure 2. Study area boundary
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6.2 Site Selection
6.2.1Probabilistic sampling design

The SAMPuget &all Streans (SAM_PSS) styavill continue to use t ! GRréeralized Random
Tessellation Stratified (GRTS) survey desigiwas done in 2018 select spatialiypalanced

random sampling sites in the study frame. The GRTS study dasilifates unbiase@xtrapolation

of any measugd indicator (biological, chemical, and physical) from the sites sampled to estimates
of the status of the extent of the whole regsented the region, that is, th&tudy areaFigure 2.

Ecology recently (2019)4generated theWashington State Masterasple points usindghe high
resolution (1: 24k or higher) Nationayérography Dataset (NHD) lay@&igure 3) The master
sample points are potential sampling sites generated at every one kilometer in the streamline
statewide.In 2015, theSAMstreamsstudyusedthe master sample generated fromnaedium-
resolution DNR generated flokme layer(1:100K).

Figure 3. NHD flow line within the study frame
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